Objective: Our goals were to determine the added value of fine-needle aspiration biopsy (FNAB)-thyroglobulin (Tg) measurements over FNAB-cytology alone for diagnosing metastatic nodes, and to determine whether the ultrasound features of lymph nodes can be used to identify lymph nodes that may benefit from FNAB-Tg measurement in patients with papillary thyroid cancer.
he preoperative diagnosis of metastatic nodes is important for determining the optimal surgical strategy in patients with papillary thyroid carcinoma (PTC). When metastatic nodes are suspected by preoperative ultrasound (US) assessment, US fine-needle aspiration biopsy (FNAB) is recommended for the histological diagnosis of metastatic nodes in patients awaiting thyroid surgery (1) . Serum thyroglobulin (Tg) assays and US are routinely recommended for the surveillance of recurrences after the surgical treatment of differentiated thyroid carcinoma (1) . US-FNAB is widely used for the cytological diagnosis of lymph node metastasis from PTC preoperatively, and for determining locoregional tumor recurrence after thyroid surgery.
Thyroglobulin assessment in needle washout after fine-needle aspiration of suspicious lymph nodes is useful for the early diagnosis of lymph node metastases originating from differentiated thyroid cancer, and it is more sensitive and accurate at detecting metastatic nodes than cytology, especially in cystic nodal metastases (2) (3) (4) (5) (6) (7) (8) (9) (10) .
Se Jeong Jeon, MD 1, 2 Eunhee Kim, MD 1 Jeong Seon Park, MD T However, it is unclear whether FNAB-Tg measurements should be routinely accompanied by US-guided FNAB cytology for the diagnosis of metastatic nodes in patients with PTC, and it is unclear whether US features of lymph nodes may help select patients who may benefit from FNAB-Tg measurements compared with FNAB-cytology alone.
We designed this retrospective study to determine the added value of FNAB-Tg measurements over FNABcytology alone for diagnosing metastatic nodes, and to determine whether the US features of lymph nodes in patients with PTC can be used to identify lymph nodes that may benefit from FNAB-Tg measurements compared with FNAB cytology alone.
MATERIALS AND METHODS

Patients
During a 12-month period, US-FNAB-cytology and FNAB-Tg measurements of suspected metastatic nodes were performed in 161 consecutive PTC patients at two institutions (Seoul National University Hospital and the thyroid clinic at Daerim Saint Mary's Hospital). The institutional review board approved this retrospective study and waived the requirement for informed consent.
US-FNAB and Tg measurements were performed at cervical nodes suspicious for metastasis by US, in patients that underwent US for the preoperative evaluation of suspected thyroid carcinoma, or for the postoperative surveillance of tumor recurrence. Lymph nodes for FNABcytology and FNAB-Tg were selected based on the presence of the following US criteria: hyperechogenicity, cystic changes, calcification, abnormal vascularity, heterogeneous echogenicity, a round shape (longitudinal/transverse diameter ratio < 1.5), loss of echogenic hilum, and a lymph node with a diameter exceeding 6 mm (11) (12) (13) (14) .
Of the 161 PTC patients, a total of 76 surgically proven cervical lymph nodes found in 47 patients (47 nodes in 30 patients awaiting thyroid surgery and 29 nodes in 17 patients being followed after thyroid surgery) were included in this study. One hundred fourteen patients were excluded because they underwent surgery or surgical neck dissection. In all 47 patients, preoperative skin marking was performed for lymph nodes where FNAB was performed. Surgeons were aware of the US, cytology, and FNAB-Tg findings and removed all skin-marked lymph nodes. In postoperative patients, a second operation was performed only when FNAB-cytology or FNAB-Tg results suggested metastatic nodes. During the first operation in patients with PTC established by FNAB-cytology, surgical neck dissections were performed on a level-by-level basis based on preoperative or intraoperative clinical palpation, US features, FNAB cytology, and Tg results.
Ultrasonography, Fine-Needle Aspiration BiopsyCytology, and Thyroglobulin Measurements US examinations were performed by experienced radiologists in all 47 patients before surgery using a 10-12 MHz linear transducer (Acuvix, Medison, Korea; iU22, Philips Medical Systems, Bothell, WA). US examination was performed on both thyroid lobes and the neck, including all neck levels (level I to level VI) and the supraclavicular fossa. We prospectively assessed the US features of lymph nodes and determined the presence of suspected nodal metastasis using US criteria. The US features of suspected metastatic nodes were also recorded.
US-FNAB was performed on metastatic nodes determined by US criteria using a free-hand technique with a 21-23 gauge needle. Biopsy needle content was expelled onto a slide and smeared using a second slide. Slides were fixed in 95% ethanol, Papanicolaou-stained, and read by an experienced cytopathologist. Immediately after aspiration biopsy, the needle used was washed with 0.5-1 mL of normal saline solution (final volume 1 mL). These washout samples were sent for Tg assays. Serous fluid aspirates were sent directly for assaying. US (transverse view) shows heterogeneous and hyperechoic elongated lymph node (arrow) with focal cystic change (arrowhead) in left lateral neck (level IV). Maximal and minimal diameters were 9 mm and 4 mm, respectively. Result of US-fineneedle aspiration biopsy cytology was suboptimal (mainly blood), but measured Thyroglobulin from aspirate of node was 2,640 ng/ml.
Analysis of Fine-Needle Aspiration Biopsy Cytology and Fine-Needle Aspiration Biopsy-Thyroglobulin Data
Fine-needle aspiration biopsy-cytology results were categorized as inadequate, negative (reactive lymph node or some other benign lymphadenitis), or positive for metastatic papillary carcinoma. When the measured FNAB-Tg level was greater than the serum Tg level, we deemed the lymph node positive for metastasis from PTC. In six preoperative patients whose serum Tg was not measured before surgery, we used an FNAB-Tg cutoff level of 36 ng/ml for determining positivity (8) . Final lymph node status was determined from histology reports of surgical lymph node specimens. FNAB-cytology and FNAB-Tg results were subdivided into two groups for surgically proven metastatic nodes: the FNAB-Tg benefit group (FNAB-Tg positive and FNAB-cytology negative) and the no FNAB-Tg benefit group (FNAB-Tg positive and FNAB-cytology positive, FNAB-Tg negative and FNABcytology negative, and FNAB-Tg negative and FNABcytology positive). We also assessed and compared the US features of these two groups.
Statistics
Statistical analysis was performed using SPSS-PC (Version 10.0 1999; SPSS, Chicago, IL). The sensitivities, specificities, positive predictive values, negative predictive values, and accuracies of FNAB-Tg and FNAB-cytology for predicting the presence of metastases were determined using node-by-node analysis. To assess the diagnostic accuracy of combined FNAB-cytology and FNAB-Tg, lymph node metastasis was deemed present when either FNAB-Tg or FNAB-cytology was positive. The McNemar's test was used to compare the sensitivities, specificities, and accuracies of FNAB-Tg and FNAB-cytology with respect to metastatic node detection. Patients were divided into two groups according to the presence or absence of FNAB-Tg benefit. Differences between the groups with respect to the presence of FNAB-Tg were assessed using Fischer's exact test. Differences between maximal and minimal diameters of lymph nodes in the two groups were assessed using the Student's t test. P-values < 0.05 were considered statistically significant differences.
RESULTS
Fifty-six (74%) of the 76 nodes were metastatic and 20 were benign lesions (reactive lymph node -18, tuberculous lymphadenitis -1, and remnant thyroid tissue -1) by histology, and included central neck nodes (n = 8) and lateral neck nodes (n = 68). Preoperative serum Tg was measured in 42 patients but not in six patients who were awaiting initial thyroid surgery. Tg antibodies were measured in only 18 patients. Tables 1 and 2 Note.─ FNAB = fine-needle aspiration biopsy, Tg = thyroglobulin, PPV = positive predictive value, NPV = negative predictive value, FNAB-Tg/cytology = combined results of FNAB-Tg and FNAB-cytology. FNAB-cytology/Tg was higher than FNAB-cytology (p = 0.03). In benign lymph nodes (n = 20), FNAB-Tg levels ranged from below 0.5 to 14,640 ng/ml. In metastatic lymph nodes (n = 56), FNAB-Tg levels ranged from 0.5 to above 25,000 ng/ml. Except for two false positive FNABTg cases, the FNAB-Tg levels of all benign lymph nodes were below 2.0 ng/ml. Of the three false negative FNABTg cases, cytology results of FNAB-cytology were negative for malignancy in two cases and positive in one. The two false positive FNAB-Tg cases included one case of remnant thyroid tissue (FNAB Tg 14,640 and serum Tg < 1.0 ng/ml) and one level IV lymph node (FNAB Tg 82 ng/ml and serum Tg 51 ng/ml). The concordance rate between FNABcytology and FNAB-Tg was 84% (64 of 76 nodes). There were 12 discordant cases: FNAB-Tg positive and FNABcytology negative in 11 lymph nodes and FNAB-Tg negative and FNAB-cytology positive in one lymph node. Table 4 demonstrates the incidences of US criteria for surgically proven benign and metastatic nodes. Although FNAB-Tg was positive for all cystic lymph nodes, FNABcytology provided a false negative result for three of eleven cystic nodes. The false negative rate of FNABcytology was higher for cystic lymph nodes than for lymph nodes without cystic change, but this was not significant (30% and 19%, respectively; p = 0.32). No statistically significant difference was found between lymph nodes with or without FNAB-Tg benefit with respect to US features (p > 0.05), and US features did not significantly predict the FNAB-Tg benefit group ( Table 5 ). The mean maximal and minimal diameters of nodes were not significantly different in lymph node groups with or without FNAB-Tg benefit (maximal diameter 1.03-0.59 vs. 1.00-0.47 and minimal diameter 0.38-0.09 vs. 0.47-0.21, p = 0.8 and p = 0.9, respectively). However, FNAB-Tg benefit was only found for lymph nodes with a minimal diameter of less than 5 mm, and nodes in the FNAB-Tg benefit group tended to be smaller (less than 5 mm in minimal diameter) than nodes in the no FNAB-Tg benefit group (100% vs. 68%, p = 0.09). The positive predictive value of the US size criterion (< minimal diameter of 5 mm) for FNAB-Tg benefit was 20% and its negative predictive value was 100%.
DISCUSSION
This study demonstrates that combined FNABTg/cytology is more sensitive and accurate for the detection of metastatic lymph nodes from PTC than FNAB-cytology alone. US-guided FNAB-cytology is more accurate than US, CT, and MRI for the detection of metastatic cervical nodes in head and neck malignancies (15) . US-guided FNAB-cytology has high sensitivity (57-98%), specificity (92.9-100%), and accuracy (89-97%) for the detection of metastatic cervical lymph nodes in general head and neck malignancies (16) (17) (18) (19) (20) . Moreover, FNABcytology has a sensitivity of 55-85%, a specificity of 90-100%, and an accuracy of 73-77% for the diagnosis of metastatic cervical lymph nodes from thyroid carcinoma (8, 10, 21) . In thyroid carcinoma, FNAB-Tg is more sensitive and has a higher negative predictive value than FNAB-cytology (2, 3, 22) , and FNAB-Tg/cytology increased accuracy, sensitivity, and specificity (13, 14) . These results are consistent with those of the present study. FNAB-Tg/cytology significantly increased sensitivity and accuracy for the detection of metastatic nodes from PTC as compared with FNAB-cytology. Fine-needle aspiration biopsy-Tg measurements enhance the diagnostic accuracy of metastasis to nodes from differentiated thyroid carcinoma as compared with FNABcytology alone, and in previous studies the benefit derived ranged from 8-43% (8) (9) (10) . In this study, the benefit was 14%. Therefore, routine FNAB-Tg testing may not be necessary when FNAB-cytology is performed on metastatic nodes suspected by US from the standpoint of costeffectiveness. Moreover, although we sought to identify US features capable of predicting FNAB-Tg benefit, no US feature was identified as a statistically significant predictor for FNAB-Tg benefit. Nevertheless, FNAB-Tg benefit was found only for nodes with a minimal axial diameter of less than 5 mm. The benefit of FNAB-Tg for small lymph nodes is probably due to the fact that these nodes are relatively difficult to aspirate and difficult to sample by FNAB, and the sampled cytology results may be difficult to interpret (23) . Previous studies (2, 10) have reported high false negative rates for FNAB-cytology and greater benefit for FNAB-Tg in cystic metastatic nodes. In the present study, however, the benefit of FNAB-Tg was not significantly different for cystic and non-cystic nodes, which may be explained by the fact that the majority of cystic metastatic nodes included in our study showed only partial cystic changes. Because PTC may manifest predominantly or almost entirely as a cystic nodal mass mimicking a cyst (24) , FNAB-Tg may be beneficial in lymph nodes with extensive cystic changes.
Although FNAB-Tg is obviously more sensitive than FNAB-cytology, discordant FNAB-Tg negative and FNABcytology positive cases could account for 2% and 6% of nodes examined (8, 9) , which is similar to the 1% (1 of 76) we obtained. The reason for negative FNAB-Tg and positive FNAB-cytology discordances is unclear, though it might be related to small remnant aspirated tissue in needles used for Tg measurements or to technical errors. In one of the two cases with a false positive FNAB-Tg result, high TG levels were caused by remnant thyroid tissue, which was misdiagnosed as a recurrent tumor on the operation bed. Cautious interpretation of positive FNABTg results is needed for central neck nodes in postoperative patients because remnant thyroid tissue may mimic locally recurrent tumors on the operation bed by US. However, the cause of the false positive result in the other case is unclear. The presence of false positive and false negative results in FNAB-Tg indicates that it should be used with FNAB-cytology instead of replacing FNAB-cytology.
Several limitations of the present study should be considered. First, the number of patients recruited was relatively small. Second, we could not use serum Tg level as a cut-off value for determining positive FNAB-Tg in six patients that did not undergo serum Tg testing preoperatively. However, false negative FNAB-Tg results were not influenced by the relatively high absolute Tg cut-off level in patients that did not undergo serum Tg testing, because the FNAB-Tg levels were less than 1 ng/ml in all FNAB-Tg false negative cases.
In conclusion, combined FNAB-cytology/Tg is more sensitive and accurate for the diagnosis of metastatic cervical lymph nodes from PTC than FNAB-cytology
